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We claim: I 

1. A method for simultaneous sequence* 
specific identification of mRNAs in a mRNA population 
S comprising the steps of: / 

(a) preparing double-stranded cDNAs from a mRNA 
population using a mixture of 12 anchor primers, /the 
anchor primers each including: (i) a tract of from 7 to 
40 T residues; (ii) a site for cleavage by a Restriction 
10 endonuclease that recognizes more than six bases, the 

site for cleavage being located to the 5'-side of the 
tract of T residues; (iii) a stuff er segment of from 4 to 
40 nucleotides, the stuff er segment being located to the 



U 5'-side of the site for cleavage by th^ restriction 



15 % endonuclease; and (iv) phasing residues -V-N located at 



s 3*3 

Ul 



the 3' end of each of the anchor primers, wherein V is a 
deoxyribonucleotide selected from tQie group consisting of 
m A, C, and G; and N is a deoxyribonucleotide selected from 

*»S ft 

h- the group consisting of A, c/p/and T, the mixture 

20 ^ including anchor primers conjcapning ^/ll possibilities for 

42 V and N; 

ff (b) producing clonfed/ inserts from a suitable 

yl / \ J 

f% host cell that has been transformed by a vector, the 

y* vector having the cDNA sample that has been cleaved with 

25 a first restriction endonuclease and a second restriction 

endonuclease inserted therein, the cleaved cDNA sample 

being inserted in the/vector in an orientation that is 

antisense with respept to a bacteriophage-specif ic 

promoter within the/ vector, the first restriction 

3 0 endonuclease recognizing a f our-nucleotide sequence and 

the second restriction endonuclease cleaving at a single 

site within each/ member of the mixture of anchor primers; 

(c) /generating linearized fragments of the 

cloned inserts/ by digestion with at least one restriction 

35 endonuclease that is different from the first and second 

i restriction ^ndonucleases ; 
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(d) generating a cRNA preparati n of anti^ 
cRNA transcripts by incubation of the linearized 
fragments with a bacteriophage-specif ic RNA polymerase 
capable of initiating transcription from the 
bacteriophage-specif ic promoter; 

(e) dividing the cKNA preparation^ into sixteen 
subpools and transcribing first-strand cDNA from each 
subpool, using a thermostable reverse transcriptase and 
one of sixteen primers whose 3 '-terminus is -N-N, wherein 
N is. one of the four deoxyribonucleotides A, C, G, or T, 
the primer being at least 15 nucleotides in length, 
corresponding in sequence to the A' -end of the 
bacteriophage-specif ic promoter/ and extending across 
into at least the first two nucleotides of the cRNA, the 
mixture including all possibilities for the 3 '-terminal 
two nucleotides; 

the product of transcription in each 
pqols/as a template for a polymerase 
'-primer that corresponds in 
in the vector adjoining the site 
ample in the vector and a 5'- 
the group consisting of: (i) the 
rst-strand cDNA was made for that 



(f) us 
of the sixteen s 
chain reaction with 
sequence to a se<juen 
of insertion of the/c 
primer selected fWom 



primer from whic^i 
subpool; (ii) the primer from which the first-strand cDNA 
was made for that subpool extended at its 3 '-terminus by 
an additional residue -N, where N can be any of A, C, G, 
or T; and f/iii) the primer used for the synthesis of 
first-strand cDNA for that subpool extended at its 3'- 
terminus/by two additional residues —N-N, wherein N can 
be anyAf a, C, g, or T, to produce polymerase chain 
reaction amplified fragments; and 

/ (g) resolving the polymerase chain reaction 
amplified fragments by electrophoresis to display bands 
representing the 3 '-ends of mRNAs present in the sample. 
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2. The method t claim 1 wherein the anc 
primers each have 13 T residues in the tract of T 
residues . 

3. The method of claim 1 wherein th^ stuff er 
segment of the anchor primers is 14 residues /in length. 

4. The method of claim 3 wherein the sequence 
of the stuf fer segment is A-A-C-T-G-G-A^A-G-A-A-T-T-C 
(SEQ ID NO: 1) . 

5. The method of claim 1 yfrherein the site for 
cleavage by a restriction endonuclsiase that recognizes 
more than six bases is the NotI oleavage site. 



6. The method of clsum 4 wherein the anchor 
primers have the sequence A-A-C-T-G-G-A-A-G-A-A-T-T-C-G- 
C-G*G-C-C-G-C-A-G-G-A-A-^TfT-T-T-T-T-T-T-T-T-T-T-T-T-T- 
T-T-V-N (SEQ ID NO: 2) 



method' 



7. The 
bacter iophage-spec if i^ 
group consisting of T; 




claim 1 wherein the 
promoter is selected from the 
romoter and T7 promoter. 



8 . The method of claim 7 wherein the 
bacteriophage-speeif ic promoter is T3 promoter. 



9 . The method of claim 8 wherein the sixteen 
primers for priming of transcription of cDNA from cRNA 
have the sequence A-G-G-T-C-G-A-C-G-G-T-A-T-C-G-G-N-N 
(SEQ ID NO: /3) . 




'10. The method of claim 1 wherein the vector 
is the p^asmid pBC SK* cleaved with Cla l and Not I and the 
3 7 -primer in step (f) is G-A-A-C-A-A-A-A-G-C-T-G-G-A-G-C- 
T-C-C-*A:-C-G-C (SEQ ID NO: 4) . 
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11. The method of claim 1 wherein the first 
restriction endonuclease recognizing a four-nucleotide 
sequenc is Haul. 




12. The method of claim 1 wherein the first 
restriction endonuclease recognizing a f oxir-fnicleotide 
sequence is selected from the group consisting of Taal 
and HirtP lI. 



13. The method of claim 1 wfcferein the 
restriction endonuclease cleaving at A single site in 
each of the mixture of anchor primer's is Notl« 



14. The method of claifa 1 wherein the step of 
generating linearized fragments/of the cloned inserts 
comprises : 

(i) dividing tne plasmid containing the 
insert into two fracti^nk, / first fraction cleaved with 
the restriction endonuclease Xho l and a second fraction 
cleaved with the restriction endonuclease Sai l; 

(ii) reccitoining the first and second 
fractions after cleaviagi; 

(iii) MjJvidinq the recombined fractions 
into thirds and cleaving the first third with the 
restriction endonuc/lease Hin dlll, the second third with 
the restriction endonuclease BamH I, and the third third 
with the restriction endonuclease Eco RI ; and 

/(iv) recombining the thirds after 
digestion in otder to produce a population of linearized 
fragments of /which about one-sixth of the population 
corresponds /to the product of cleavage by each of the 
possible combinations of enzymes. 

/ 15. The method of claim 1 wherein the mRNA 
population has been enriched for polyadenylated mRNA 
species . 
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16. The method of claim 1 wherein the 

/ 

intensity f each band displayed after electrophoresis is 



ab ut proportional to the abundance of the mRNA 
corresponding to the band in the original mixtur 



17. The method of claim IS further /comprising 
a step of determining the relative abundance^ of each mRNA. 
in the original mixture from the intensity/of the band 
corresponding to that mRNA after electrophoresis. 

18. The method of claim 1 wherein the step of 
resolving the polymerase chain reaction amplified 
fragments by electrophoresis comprises electrophoresis of 
the fragments on at least two gels 

19. The method of c2:aim 1 wherein the suitable 
host cell is Escherichia coli/ 

20. The metl/ocjl pf claim 1 further comprising 
the steps of: 

(h) eluting la£ least one cDNA corresponding to 
a mRNA from an electropnerogram in which bands 
representing the 3'-^nds of mRNAs present in the sample 
are displayed; 

(i) amplifying the eluted cDNA in a polymerase 
chain reaction; 

(j*) cloning the amplified cDNA into a plasmid; 
(k) /producing DNA corresponding to the cloned 
DNA from the/ plasmid; and 

.) sequencing the cloned cDNA. 

21. A method for simultaneous sequence- 
specifib identification of mRNAs in a mRNA population 
comprising the steps of: 

(a) isolating a mRNA population; 

J -* 
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(b) preparing dotible^stranded cDNAs from 
mKNA population using a mixture of 12 anchor primers with 
the sequence A-A^-T^^-A-AH3-A-A^-T-C^^H3H5^C-C-G-C- 
A^HS-A-A^^T^^T-T-T-T-T^^^^^T^-T^-T-T-V^N (SEQ id 

5 NO: 2), wherein V is a deoxyribonucleotide selected from 

the group consisting of A, C, and G; and N is a 
deoxyribonucleotide selected from the group consisting of 
A, C, G, and T, the mixture including anchor primers 
containing all possibilities for V and to produce a 
10 cDNA sample; 

(c) cleaving the cDNA sample with two 
restriction endonuc leases, a first /restriction 
endonuclease Msp l and a second restriction endonuclease 

Q Not I; 

15 3 ( d ) inserting the cDNX sample cleaved with the 

first and second restriction endonucleases into a vector, 
the cleaved cDNA being inserted in an orientation that is 
gi antisense with respect/ ta a T3 promoter within the 

** 1 vector, the vector beinjb,the plasmid pBC SK* cleaved with 

20 ^ Cla l and Not l : 

V (e) transfdrAinV ^scherichia coli with the 



01 
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vector into which thel/cleaved cDNA has been inserted to 
O produce cloned inserts; 

^ (f) generating linearized fragments of the 

iS cloned inserts by 7 digestion with at least one restriction 

endonuclease that is different from the first and second 
restriction endonucleases; 

(g^/generating a cRNA preparation of antisense 
cRNA transcripts by incubation of the linearized 
30 fragments ^with a T3 RNA polymerase capable of initiating 

transcription from the T3 -specific promoter; 

/ (h) dividing the cRNA preparation into sixteen 
subpoo^s and transcribing first-strand cDNA from each 
subpool, using a thermostable reverse transcriptase, and 



35 one cjt the sixteen primers A-G-G-T^C-G-A-C-G-G-T-A-T-C-G- 

G-N-7N (SEQ ID NO: 3) , wherein N is one of the four 
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deoxyribonucleotides A, C, G, or T, the mixture including 
all possibilities for the 3 '-terminal two nucleotides; 

(i) using the product of transcription in/each 
of the sixteen subpools as a template for a polymerase 
chain reaction with the 3 '-primer G-A-A-C-A-A-A-A-G-C-T- 
G-G-A-G-C-T-C-C-A-C-C-G-C (SEQ ID NO: 4), and jL 5' -primer 
selected from the group consisting of: (1) the primer 
from which first-strand cDNA was made for that subpool; 
(2) the primer from which the f irst-strand/cDNA was made 
for that subpool extended at its 3 '-terminus by an 
additional residue -N, where N can be any of A, C, G, or 
T; and (3) the primer used for the sypfthesis of first- 
strand cDNA for that subpool extended at its 3 '-terminus 
by two additional residues -N-N, wherein N can be any of 
A, C, G, or T, to produce polymerase chain reaction 
amplified fragments; and 

(j) resolving the polymerase chain reaction 
amplified fragments by el^cfewphoresis to display bands 
representing the 3 '-ends' o^/m^NAs present in the sample. 



22. A method 
identification of mRNA; 
antisense cRNA pool 



simultaneous sequence-specific 
Corresponding to members of an 
resenting the 3 '-ends of a 
population of mRNAsVthe antisense cRNAs that are members 
of the antisense cRNA pool being terminated at their 5'- 
end with a primer/sequence corresponding to a 
bacteriophage-specif ic vector and at their 3'-end with a 
sequence corresponding in sequence to a sequence of the 
vector, the method comprising; 

(a/ dividing the members of the antisense cRNA 
pool into sixteen subpools and transcribing first-strand 
cDNA from /each subpool r using a thermostable reverse 
transcriptase and one of sixteen primers whose 3'- 
terminuss is -N-N, wherein N is one of the four 
deoxyribonucleotides A, C, G, or T, the primer being at 
least/15 nucleotides in lengthy corresponding in sequence 
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to the 3 '-end f the bacteriophage-specif ic promoter, and 
extending across into at least the first two nucleotides 
of the CRN A, the mixture including all possibilities/ for 
the 3 '-terminal two nucleotides; / 

(b) using the product of transcription pa each 
of the sixteen subpools as a template for a polymerase 
chain reaction with a 3 '-primer that corresponds in 
sequence to a sequence vector adjoining the sixe of 
insertion of the cDNA sample in the vector and a 5'- 
primer selected from the group consisting dz: (i) the 
primer from which first-strand cDNA was made for that 
subpool/ (ii) the primer from which the /first-strand cDNA 
was made for that subpool extended at Ats 3 '-terminus by 
an additional residue -N, where N capr be any of A, C, G, 
or T; and (iii) the primer used for/the synthesis of 
first-strand cDNA for that subpool/extended at its 3'- 
terminus by two additional residj/es -N-N, wherein N can 
be any of A, C, G, or T, to proauce polymerase chain 
reaction amplified fragment^ i/and / 

(c) resolving th©/poT^5aerase chain reaction 
amplified fragments by electrophoresis to display bands 
representing the 3 '-ends dr mRNAs present in the sample. 

23. A methodr for detecting a change in the 
pattern of mKNA expression in a tissue associated with a 
physiological or pathological change comprising the steps 
of: / 

(a) obtaining a first sample of a tissue that 
is not subject tp the physiological or pathological 
change ; / 

(b) /determining the pattern of mRNA expression 
in the f irst ysample of the tissue by performing steps 
(a) -(c) of (Claim 22 to generate a first display of bands 
representing the 3' -ends of mRNAs present in the first 
sample; / 
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(c) obtaining a second sample of the tissue t 
that has been subject to the physiological or / 
pathological change; / 

(d) determining the pattern of mRNA expression 
in the second sample of the tissue by performing /steps 
(a) -(c) of claim 22 to generate a second display of bands 
representing the 3 '-ends of mSNAs present in fixe second 
sample; and 

(e) comparing the first and second displays to 
determine the effect of the physiological or pathological 
change on the pattern of mRNA expression in the tissue. 
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24. The method of claim #3 wherein the tissue 
is derived from the central nervous system. 

25. The method of claim 24 wherein the 
physiological or pathological/change is selected from the 
group consisting of Alzheimer's disease, parkinsonism, 
ischemia, alcohol addicrian, drug addiction, 
schizophrenia, amyotrophia: lateral sclerosis, multiple 
sclerosis, depression, alpd bipolar manic-depressive 
disorder. / J 

26. The zftethod of claim 24 wherein the 
physiological or pathological change is associated with 
learning or memory, emotion, glutamate neurotoxicity, 
feeding behavior, olfaction, vision, movement disorders, 
viral infection, electroshock therapy, or the 
administration of a drug or toxin. 

>7. The method of claim 24 wherein the 
physiological or pathological change is selected from the 
group consisting of circadian variation, aging, and long- 
term potentiation. 
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28* The method f claim 24 wherein the tissue 
is derived from a structure within the central nerv us 
system selected from the group consisting of retina/ 
cerebral cortex, olfactory bulb, thalamus , hypothalamus, 
anterior pituitary, posterior pituitary, hippocapipus , 
nucleus accumbens, amygdala, striatum, cerebellum, brain 
stem, suprachiasmatic nucleus, and spinal cora. 

29. The method of claim 23 wherein the tissue 
is from an organ or organ system selected; from the group 
consisting of the cardiovascular system/ the pulmonary 
system, the digestive system, the peripheral nervous 
system, the liver, the kidney, skeletal muscle, and the 
reproductive system. / 

30. A method of screening for a side effect of 
a drug comprising the step^bfi^ 

(a) obtaining /a first sample of tissue from an 
organism treated with a compound of known physiological 
function; / // 

(b) determining the pattern of mRNA expression 
in the first sample of /the tissue by performing steps 

(a) -(c) of claim 22 to generate a first display of bands 
representing the 3'-£nds of mRNAs present in the first 
sample; / 

(c) obtaining a second sample of tissue from 
an organism treated with a drug to be screened for a side 
effect; / 

(d) / determining the pattern of mRNA expression 
in the second sample of the tissue by performing steps 
(a) -(c) of yclaim 22 to generate a second display of bands 
representing the 3 '-ends of mRNAs present in the second 
sample; and 

/ (e) comparing the first and second displays in 
order to detect the presence of mRNA species whose 
expression is not affected by the known compound but is s 
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affected by the drug to be scr ened, thereby indicating a 
difference in action of the drug to be screened and y the 
known compound and thus a side effect. 

/ 

31. The method of claim 30 wherein t&4 drug to 
be tested is selected from the group consisting of 
antidepressants , neuroleptics , tranquilizers ,/ 
anticonvulsants, monoamine oxidase inhibitors, and 
stimulants . 

32. The method of claim 30 wherein the drug to 
be tested is selected from the group consisting of anti- 
parkinsonism agents, skeletal muscle/relaxants, 
analgesics, local anesthetics, cholinergics, antiviral 
agents, antispasmodics, steroids,/ and non-steroidal anti- 
inflammatory drugs. 



33 . A panel o 
of the sequence A-G-G-T-j 
ID NO: 3) , wherein N is 
deoxyribonucleotides A, 



pr|iners comprising 16 primers 
-C-G-G-T-A-T-C-G-G-N-N (SEQ 
of the four 
T. 



34. A panel" d& primers comprising 64 primers 
of the sequences A-g/g-T-C-G-A-C-G-G-T-A-T-C-G-G-N-N-N 
(SEQ ID NO: 5), wherein N is one of the four 
deoxyribonucleotides A, C, G, or T. 

35. /A panel of primers comprising 256 primers 
Of the sequences A-G-G-T-C-G-A-C-G-G-T-A-T-C-G-G-N-N-N-N 
(SEQ ID NO: A) , wherein N is one of the four 
deoxyribonjacleotides A, C, G, or T. 

36. A panel of primers comprising 12 primers 
of the /sequences A-A-C-T-G-G-A-A-G-A-A-T-T-C-G-C-G-G-C-C- 
G-C-A-/G-G-A-A-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-T-\T-N 
(SEQ /ID NO: 2) 4 wherein V is a deoxyribonucleotide 
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sel cted from, the group consisting of A, c, 
is a deoxyribonucleotide selected from the. 
consisting of A, C, 6, and T. / 

37. A degenerate mixture/of primers comprising 
a mixture of 12 primers of tne) sequences A-A-C-T-G-G-A-A- 

G-A-A-Tyr^H5^^H3-C^H3-C-AW-G^G-A-A-T-T-T-T-T-T-T-T-T- 
T-T-T-T-T-T-T-T-T-V-N (SE J tJ^,. 2)f wher ei n v is a 

deoxyribonucleotide selected from the group consisting of 
A, C, and G; and N is a/dsoxyribonucleotide selected from 
the group consisting^ A, C, G, and T, each of the 12 
primers being present in about an eguimolar quantity. 





/ 
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